present use of the term is in reference to response inhibition, or the intentional inhibition of a dominant response. This ability has been differentiated from similar constructs such as resistance to proactive interference, reactive inhibition, and inhibition in spreading activation models and connectionist networks (Friedman & Miyake, 2004; Miyake et al., 2000) . Principal components analysis on data from children has shown that response inhibition can be further divided into conflict inhibition and delay inhibition (Carlson & Moses, 2001 ). Conflict inhibition is the ability to act in opposition to a prepotent response (e.g., thanking someone for an undesirable gift) whereas delay inhibition is the ability to postpone providing a dominant response (e.g., waiting DEVELOPMENT OF CONFLICT INHIBITION 4 until the end of the party to open gifts; Carlson & Moses, 2001 ). Conflict and delay inhibition are functionally dissociable, contributing differentially to abilities, such as theory of mind, in childhood (Carlson & Moses, 2001 ).
The focus of the current study is on the development of conflict inhibition. Crosssectional investigations suggest that during childhood there are improvements in conflict inhibition as well as error detection and correction, which are needed when conflict inhibition fails. Precisely when age-related differences are found depends upon the task utilized. During early childhood, performance robustly improves on the day/night, grass/snow, and bear/dragon tasks as well as Luria's hand games; performance reaches ceiling levels on these tasks by approximately 6 years (Carlson & Moses, 2001; Gerstadt, Hong, & Diamond, 1994; Hughes, 1998) . However, when more complex tasks are used that demand a speeded response, crossmodal integration, and/or additional cognitive processes (e.g., working memory), conflict inhibition improves throughout childhood and into adolescence (Best & Miller, 2010) . For example, performance on Luria's tapping task (Klenberg, Korkman, & Lahti-Nuuttila, 2001) , the Flanker task (e.g., Simonds, Kieras, Rueda, & Rothbart, 2007) , the Stop-Signal task (Bedard et al., 2002) , and the Go/No-go task (e.g., Huizinga, Dolan, & van der Molen, 2006) shows improvement during middle childhood. Improvement on the Stroop and Erikson Flanker tasks continues during middle childhood and, depending on the task demands, into adolescence (e.g., Huizinga et al., 2006; Ikeda, Okuzumi, & Kokubun, 2014; Leon-Carrion, García-Orza, PerezSantamaria, 2004; Klenberg, Närhi, Korkman, & Hokkanen, 2015; Macdonald, Beauchamp, Crigan, & Anderson, 2014 Simon tasks) may not have been sufficiently challenging to allow for the examination of developmental change in inhibition accuracy during middle childhood. Thus, more research in middle childhood is needed using complex tasks that require a speeded response, cross-modal integration, and/or additional cognitive processes (e.g., working memory) to assess conflict inhibition since children are less likely to achieve ceiling-level performance on such tasks. Luria's (1980) tapping task is one measure that has been used successfully in crosssectional studies across a wide age range. This task requires the inhibition of the prepotent response to imitate the experimenter's prompt (e.g., tapping twice when the experimenter taps twice). An advantage of this task is that level of difficulty can be manipulated by altering the modality of the experimenter prompt and the participant's response while keeping most task demands constant (e.g., task instructions). Three versions of the tapping task have been used in developmental research (Auditory/Visual-Same, Visual-Different, and Auditory-Different). The first term refers to the modality of the experimenter prompt and the second term refers to whether the child's response is in the same or different modality as the experimenter's prompt. (Diamond & Taylor, 1996; Klenberg et al., 2001) or just auditory prompts (Becker et al., 1987; Passler, Isaac, & Hynd, 1985) . On this version of the task, cross-sectional studies have found that children rapidly improve between 3.5 and 4 years of age and reach ceiling-level performance at approximately 6 years (Becker et al., 1987; Diamond & Taylor, 1996; Klenberg et al., 2001; Passler et al., 1985) . In contrast, performance on more complex versions follows an extended developmental trajectory. Adults and 7-to 9-year-old children perform similarly on the Visual-Different version (i.e., experimenter prompts by raising a finger, child responds by tapping table twice), but children commit more errors than adults on the Auditory-Different version (i.e., experimenter prompts with one tap, child responds by lifting two fingers ; Cycowicz et al., 2001 ).
The present study was designed to examine conflict inhibition as well as error detection and correction in 5-, 7-, and 9-year-old children longitudinally over a one year period using all three versions of Luria's (1980) tapping task (Auditory-Same, Visual-Different, AuditoryDifferent). We hypothesized that developmental improvements in conflict inhibition as well as error detection and correction would be present during middle childhood and that these improvements would be more prominent on more complex levels of the tapping task (especially the Auditory-Different level). We explored whether different age-related improvements were present for initial and final response accuracy. Developmental change in initial response DEVELOPMENT OF CONFLICT INHIBITION 7 accuracy would suggest improvement in conflict inhibition. Change in final response accuracy, relative to initial response accuracy, would suggest improvement in error detection and correction because, if the child initially responded incorrectly, the child had to identify that an error was made and then provide the correct response. We also hypothesized that variability in performance accuracy would decrease with age and that individual differences in conflict inhibition would remain stable over a one year period. Stability in individual differences would suggest that, overall, children develop at the same rate whereas instability would suggest that children develop at various rates. The goals of the present study were to examine the development of conflict inhibition in middle childhood by 1) utilizing the tapping task, which should reduce the probability of participants reaching ceiling-level performance as they did in a previous longitudinal investigation ( Lee et al., 2013) , at least on the Auditory-Different Level, 2) assessing initial and final response accuracy to allow for the examination of change in error detection and correction 3) examining changes in variability in conflict inhibition performance and 4) investigating how stable individual differences in conflict inhibition are over a period of one year.
Method Participants
Participants were recruited from a database maintained by a large midwestern University in the United States. Participants included 90 children taking part in a 3-year longitudinal study who contributed data for all three levels of the tapping task (see Procedure) at the second and third year assessments (i.e., Time 1 and 2; data from the initial year were excluded because too few children from the youngest Cohort contributed data for all 3 levels of the task). Consistent with the community from which the sample was drawn, 91% of the participants were of and Time 2 (n = 6), incomplete performance (n = 9), experimenter error (n = 4), or failure of the practice trials (n = 2). There were no differences in gender or race between children included or excluded from the present analyses. The University Institutional Review Board approved all procedures before the study began, and parents provided consent for their children. Children received a small gift and parents received a gift certificate for participating.
Procedure
Each year children completed a cognitive assessment battery. Luria's (1980) tapping task was performed at the end of the 1-2 hour testing session. The administration procedure for the tapping task resembled previous research (Becker et al., 1987; Cycowicz et al., 2001; Diamond & Taylor, 1996; Klenberg et al., 2001; Passler et al., 1985) . Children were required to provide a response (e.g., tapping twice when the experimenter taps once) that conflicted with the prepotent response to mimic the experimenter (e.g., tapping twice when the experimenter taps twice).
Children completed task levels in order of ascending difficulty: Auditory-Same, VisualDifferent, Auditory-Different. The first term refers to the experimenter prompt modality; the second term refers to whether the participant response modality was the same as or different from the experimenter's prompt modality. Thus, during the Auditory-Same level, participants tapped a wooden rod once when the experimenter tapped twice and twice when the experimenter (SD ± 2). Dependent measures included the proportion of accurate initial responses (i.e., children's first response), accurate final responses (i.e., last response, allowing for selfcorrections), and self-corrections. These measures were assessed for all trials and specifically switch trials (i.e., trials for which the prompt differed from the previous trial).
Analytic Approach
The effects of Time, Cohort, and Level on initial and final response accuracy were assessed using generalized estimating equation (GEE) analyses, an extension of the generalized linear model, because they account for the potential correlation between repeated measurements, which is common in longitudinal research (Ballinger, 2004; Hardin & Hilbe, 2003) 
Results

Changes in Response Accuracy
GEE results for initial and final response accuracy are shown in Table 1 . Lastly, there was a Cohort x Level interaction because age-related differences were most pronounced on more challenging levels of the task. This interaction was followed-up by conducting GEEs separately for each level of the tapping task. No significant Cohort effect was present for the Auditory-Same Level, Wald χ 2 (2), = 2.951, p = .229. However, there was a main effect of Cohort for the Visual-Different Level, Wald χ 2 (2), 7.114, p = .029; pairwise comparisons showed that the 9-year-old Cohort performed significantly better than the 5-yearold (p = .009) and 7-year-old Cohorts (p = .04) and that the 7-year-old Cohort performed marginally better than the 5-year-old Cohort (p = .057). There was also a main effect of Cohort for the Auditory-Different Level, Wald χ 2 (2), = 17.073, p < .001; pairwise comparisons revealed that the 7-and 9-year-old Cohorts performed significantly better than the 5-year-old Cohort (ps < .001), but did not differ from one another (p = .33). This pattern suggests that age-related differences were larger on the more complex versions of the tapping task. .42). Together, these results suggest that response variability decreases with age.
Changes in Response Variability
Stability in Individual Differences
In addition to understanding changes in response accuracy and variability, it is important to assess stability in individual differences (i.e., whether children that perform well relative to their peers at Time 1 continue to perform well relative to their peers at Time 2). Stability in individual differences was significant in the 7-year-old (rs = .42, p = .014) and 9-year-old
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Cohorts (rs = .51, p = .004), but not the 5-year-old Cohort (rs = .25, p = .252), which suggests that individual differences in performance are stable by middle childhood.
Discussion
The goal of the present study was to assess the development of conflict inhibition longitudinally during middle childhood. Using a cohort-sequential design, we examined developmental changes in conflict inhibition using three versions of Luria's (1980) tapping task between 5 and 10 years of age. Our results suggest that 1) conflict inhibition improves steadily during middle childhood, 2) error detection and correction increase substantially between 5 and 6 years of age, 3) response variability in conflict inhibition decreases during middle childhood, and 4) individual differences across a one year period were stable in the 7-and 9-year-old cohorts but not the 5-year-old cohort. These findings, with a longitudinal sample, are consistent with and extend previous studies of middle childhood that have examined conflict inhibition. Consistent with previous research, we demonstrated improvements in conflict inhibition during middle childhood (Bedard et al., 2002; Huizinga et al., 2006; Ikeda et al. 2014; Klenberg et al., 2001 Klenberg et al., , 2015 Lee et al., 2013; Leon-Carrion et al., 2004; Macdonald et al. 2014; Simonds et al., 2007) .
We extended this research by demonstrating that the pattern of improvement observed in crosssectional studies (Bedard et al., 2002; Huizinga et al., 2006; Klenberg et al., 2001; Leon-Carrion et al., 2004; Simonds et al., 2007) also accurately characterizes growth trajectories in individual participants. Further, the present findings showed that the rate of developmental change in initial and final response accuracy was greater earlier in middle childhood. One advantage to assessing both initial and final response accuracy was that we were able to also examine the development of error detection and correction. All children engaged in error detection and correction;
however, there was a marked improvement in final response accuracy between 5 and 6 years of increases between 7-and 25 years of age (Wiersema, van der Meere, & Roeyers, 2007) . The current study also showed that variability in response accuracy decreased with age. This finding is consistent with and extends cross-sectional research showing that response variability withinindividuals on Stroop and Flanker tasks follows a U-shaped pattern across the lifespan with children and older adults demonstrating greater variability than young adults (Li, Hämmerer, Müller, Hommel, & Lindenberger, 2009; Williams, Strauss, Huitsch, & Hunter, 2007) .
One major advantage of the longitudinal design of the present study was that it allowed for the examination of stability of responses with age. Individual differences in performance on the Auditory-Different version of the task were stable over the course of a year in the 7-and 9-year-old Cohorts but not the 5-year-old Cohort. This result suggests that children in the 5-yearold Cohort are developing at different rates, whereas improvements in the 7-and 9-year-old
Cohorts were similar across participants. This pattern of results may be due to the significant improvement in conflict inhibition occurring early in middle childhood and children undergoing development at differing times.
Previous longitudinal investigations of conflict inhibition during middle childhood have suffered from children achieving ceiling-level performance on response accuracy measures (e.g., Lee et al., 2013) . The present study was partially able to overcome this problem by utilizing three versions of Luria's (1980) tapping task. Task difficulty was manipulated by altering the modality of the experimenter prompt and the participants' response. Consistent with previous cross-sectional studies, participants reached ceiling-level performance in regards to accuracy on the Auditory-Same and Visual-Different levels of the task by approximately 6 years of age (Becker et al., 1987; Cycowicz et al., 2001; Diamond & Taylor, 1996; Klenberg et al., 2001; Passler et al., 1985) . However, original response accuracy on the Auditory-Different level increased linearly during middle childhood and reached only 80% by 10 years of age (Cycowicz et al., 2001) . Thus, the manipulation of task difficulty was successful and allowed us to assess developmental change in conflict inhibition on the Auditory-Different version of the tapping task.
We acknowledge that the present study has limitations that should be addressed in future research. First, the current research only assessed conflict inhibition. Future research should directly compare the developmental trajectory of conflict and delay inhibition. Second, the entire period of middle childhood was assessed through use of a cohort-sequential design. Thus, differences as a function of age reflect a combination of longitudinal and cross-sectional comparisons. Future studies could use an entirely longitudinal design by sampling children each year throughout middle childhood. There are also some limitations associated with the use of Luria's (1980) tapping task. For example, it is currently unclear whether the versions of the tapping task differed merely in difficulty (i.e., inhibitory demand) and not in task complexity (i.e., required abilities beyond inhibition). Although task instructions remained constant across versions, it is possible that the degree of response automaticity or demand on working memory, set-shifting, or cross-modal integration may have differed across versions. Additionally, as stated above, although ceiling-level performance was less problematic in the current study than previous investigations, children's final response accuracy was quite high on all levels of the task by the end of middle childhood. Lastly, the present study specifically examined changes in DEVELOPMENT OF CONFLICT INHIBITION 17 response accuracy with age. In the future, longitudinal studies should examine developmental changes in both accuracy and reaction time because cross-sectional research suggests that reaction time changes more dramatically than response accuracy during middle childhood (Ikeda et al., 2014; Klenberg et al., 2015) .
In conclusion, the current findings suggest that conflict inhibition, error detection, and error correction undergo significant development during middle childhood. This finding is consistent with previous cross-sectional research on the development of executive functioning and extends this work by showing that 1) rates of improvement were greatest in the youngest cohort, 2) variability in performance is substantially reduced with age, and 3) individual differences in conflict inhibition show considerable stability toward the end of middle childhood. 5-year-olds 6-year-olds 7-year-olds 8-year-olds 9-year-olds 10-year-olds
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